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$\Omega$ $R^{n}(1\leq n\leq 3)$ , $\partial\Omega$ $\Omega$ , $\lambda\in R,$ $t^{+}\equiv$
$\max\{0, t\}$ . (1) MHD
(cf. [4] ).
(1) [10] , $v=u-1,$ $f(t)\equiv(t-1)^{+}$ , (1)
.
$\{\begin{array}{l}-\triangle u=\lambda f(u)u=0\end{array}$ $inon\partial\Omega\Omega$
.
. (2)
$H^{m}(\Omega)$ $\Omega$ $m$ $L^{2}$-Sobolev , $H_{0}^{1}(\Omega)=$ { $v\in H^{1}(\Omega)|v=0$ on $\partial\Omega$ }
. $H_{0}^{1}(\Omega)$ $(u, v)_{H_{0}^{1}(\Omega)}\equiv(\nabla u, \nabla v)$ . $(\cdot, \cdot)$ $L^{2}(\Omega)$ ,
$\nabla u=(\frac{\partial u}{\partial x_{1}}, \ldots., \frac{\partial u}{\partial x_{n}})$ . $f(t)$ , .
1 $uarrow f(u)$ $H_{0}^{1}(\Omega)$ $L^{2}(\Omega)$ .
[ ] $\forall u,$ $v\in H_{0}^{1}(\Omega)$ . $\Omega_{1}=\{x\in\Omega ; u(x)\geq 1, v(x)\geq 1\},$ $\Omega_{2}=\{x\in$







2 $U$ $H_{0}^{1}(\Omega)$ $f(U)$ $L^{2}(\Omega)$ .
[ ] 1 .
(2) , . (2)
(weak form) .





$\phi\in H_{0}^{1}(\Omega)\cap H^{2}(\Omega)$ ,
$|\phi|_{H^{2}(\Omega)}\leq C_{1}\Vert\psi\Vert_{L^{2}(\Omega)}$ . (5)
, $C_{1}$ $\psi$ , $|\cdot|_{H^{2}(\Omega)}$ $H^{2}(\Omega)-semI$-norm .
, $\psi\in L^{2}(\Omega)$ , $G$ $G\psi$ (4) .
$G$ : $L^{2}(\Omega)arrow H_{0}^{1}(\Omega)\cap H^{2}(\Omega)$ isomorphism, $H^{2}(\Omega)arrow$
$H^{1}(\Omega)$ compact , $G$ $L^{2}(\Omega)$ $H_{0^{1}}(\Omega)$ compact
. 1, 2 $F$
$F\equiv G\lambda f$
, $F$ $H_{0}^{1}(\Omega)$ $H_{0}^{1}(\Omega)$ compact . ,
(3) $u=Fu$
Newton-like method . $S_{h}$ $h(0<h<1)$
$H_{0}^{1}(\Omega)$ . $h$ . $P_{h}$
$H_{0^{1}}(\Omega)$ $S_{h}$ $H_{0}^{1}(\Omega)$ $(H_{0}^{1}-projection)$ .
$(\nabla(u-P_{h}u), \nabla v)=0$ , $\forall v\in S_{h}$ . (6)
$F$ Fr\’echet . $f(t)$ $t=1$
, $t=1$ $\xi$ $f$ $f’$ .
$f’(t)\equiv\{\begin{array}{l}1\xi 0\end{array}$ $t>1t=1t<1$
.
$u_{h}\in S_{h}$ (3) . , $u_{h}$ $F$
Fr\’echet-like $F’(u_{h})$ $H_{0^{1}}(\Omega)$ .
$(\nabla F’(u_{h})u, \nabla w)=\lambda(f’(u_{h})u, w)$ , $\forall,$$u,$ $v\in H_{0}^{1}(\Omega)$ .




1 $P_{h}(I-F’(u_{h}))$ : $H_{0^{1}}(\Omega)arrow S_{h}$ $S_{h}$ [I -
$F’(u_{h})]_{h}^{-1}$ : $S_{h}arrow S_{h}$ . $I$ $H_{0}^{1}(\Omega)$ $H_{0}^{1}(\Omega)$ .
1 ,
. $\epsilon$ $0<\epsilon<1$ , $T_{\epsilon}$ :
$H_{0}^{1}(\Omega)arrow H_{0}^{1}(\Omega)$ .
$T_{\epsilon}u\equiv\{I-([I-F’(u_{h})]_{h}^{-1}P_{h}+\epsilon I)(I-F)\}u$ (7)
$[I-F’(u_{h})]_{h}^{-1}P_{h}+\epsilon I$ , $u=Fu$
$u=T_{\epsilon}u$ .
(7) condensing operator .
, 1 $H_{0}^{1}(\Omega)$ $U$ $T_{\epsilon}U\subset U$
, Sadovskii [9] $U$ $T$ . [I-





, [8] rounding rounding error ,
.
$u\in H_{0^{1}}(\Omega)$ , $S_{h}$ rounding ( )
. $u$ $S_{h}$ , (6) $H_{0}^{1}$ -projection $P_{h}u$ . $Tu\in H_{0}^{1}(\Omega)$
rounding $\tilde{T}_{\epsilon}u\equiv P_{h}T_{\epsilon}u$ $\tilde{I}=P_{h}I$ , $\tilde{F}=P_{h}F$ , $\tilde{T}_{\epsilon}u$ $\equiv$ $\{\tilde{I}-$
$([ I-F’(u_{h})|_{h}^{-1}+\in I)(\tilde{I}-\tilde{F})\}u$ . , $T_{\epsilon}U$ rounding
.
$R(T_{\epsilon}U)\equiv\{v\in S_{h}|v=\tilde{T}_{\epsilon}u, u\in U\}$
, rounding $S_{h}$ ” ” $P_{h}u$ , $H_{0}^{1}(\Omega)$ $u$
rounding error . $S_{h}$ , $P_{h}u$
.
2
$\Vert u-P_{h}u\Vert_{H_{0}^{1}(\Omega)}\leq C_{2}h|u|_{H^{2}(\Omega)}$ , $\forall u\in H_{0}^{1}(\Omega)\cap H^{2}(\Omega)$ . (8)
$C_{2}$ $u$ $h$ .
(8) , $C_{2}$ ,
( [2]) .
, $T_{\epsilon}U$ rounding error .
$RE(T_{\epsilon}U)\equiv$ { $\phi\in H_{0}^{1}(\Omega)|\Vert\phi\Vert_{H_{0}^{1}\langle\Omega)}\leq\alpha$ and $\Vert\phi\Vert_{L^{2}\langle\Omega)}\leq Ch\alpha$ }, (9)
where $\alpha\equiv\sup_{u\in U}\Vert T_{\epsilon}u-\tilde{T}_{\epsilon}u\Vert_{H_{0^{1}}(\Omega)}$ , (10)
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$C\equiv C_{1}C_{2}$ . (11)
, ( [8]) .
3 UC $H_{0}^{1}(\Omega)$ . $\epsilon(0<\epsilon<1)$
$R(T_{\epsilon}U)\oplus RE(T_{\epsilon}U)\subset\circ U$ (12)
, $u=Fu$ $U$ . $\oplus$ $H_{0}^{1}(\Omega)$
, $M_{1}\subset oM_{2}$ $\overline{M_{1}}\subset M_{2}^{\circ}$ .
(12) $U$
. $S_{h}$ $M$ , $\{\phi_{j}\}_{j}^{M_{=1}}$ . $\Theta_{h}$ $\{\phi_{j}\}_{j}^{M_{=1}}$
. $\Theta_{h}$ .
$\omega\in\Theta_{h}$
$\omega=\sum_{j=1}^{M}A_{j}\phi_{j}\equiv$ $\{ \sum_{j=1}^{M}a_{j}\phi_{j}|a_{j}\in A_{j}\}$
. $A_{j}$ . $R^{+}$ , $\alpha\in$
$R^{+}$ ,
$[\alpha]\equiv$ { $\phi\in H_{0}^{1}(\Omega)|\Vert\phi\Vert_{H_{0^{1}}(\Omega)}\leq\alpha$ and $\Vert\phi\Vert_{L^{2}(\Omega)}\leq Ch\alpha$ }. (13)
. , rounding error . $u_{h}\in$
$S_{h}$ (3) , $\delta$ , $\alpha_{0}\in R^{+}$ . $\delta u_{h}^{0}\in\Theta_{h}$
. , .
$n\geq 1$ , $\delta u_{h}^{n-1}$ , $[\alpha_{n-1}]$ . , $\delta$ , .
$\{\begin{array}{l}\delta\tilde{u}_{h}^{n-1}\equiv\delta u_{h}^{n-1}+\sum_{j=1}^{M}[-1,1]\delta\phi_{j}\tilde{\alpha}_{n-1}\equiv\alpha_{n-1}+\delta\end{array}$ (14)
(14) , $\delta$-inflation . \delta -inflation
$U^{n-1}=u_{h}+\delta u_{h}^{n-1}+[\alpha_{n-1}]$ , $\delta u_{h}^{n}$ , $\alpha_{n}$
.
$\{\begin{array}{l}\delta u_{h}^{n}\equiv\tilde{T}_{\epsilon}U^{n-1}-u_{h}\alpha_{n}\equiv Ch\lambda\sup_{u\in U^{n-1}}\Vert f(u)\Vert_{L^{2}(\Omega)}\end{array}$ (15)
, 1 ([8]) .
1 $n\geq 1$
$\{\begin{array}{l}\delta u_{h}^{n}\subset\circ\delta u_{h}^{n-1}a_{n}<\alpha_{n-1}\end{array}$ (16)
$U^{n}=u_{h}+\delta u_{h}^{n}+[\alpha_{n}]$ (3) $u$ . (16)
. , $\delta u_{h}^{n-1}=\sum_{j=1}^{M}A_{j}\phi_{j},$
$\delta u_{h}^{n}=\sum_{j=1}B_{j}\phi_{j}$




( [10] ) . $1\leq i,j\leq M$ , $u_{h}= \sum_{j=1}^{M}b_{j}\phi_{j},\tilde{F}u_{h}=$
$\Sigma_{j=1}^{M}c_{j}\phi_{jg_{ji}=}(\nabla[I-F’(u_{h})|_{h}\phi_{j}, \nabla\phi;),$ $d_{ji}=(\nabla\phi_{j}, \nabla\phi_{i})$ , $g_{ji},$ $d_{ji}$
$M\cross M$ $G,$ $D$ . 1 $G$ .
$S_{h}\subset H_{0^{1}}(\Omega)$ , $D$ ( [1] )
, $\delta u_{h}^{n-1}=\Sigma_{j}^{M_{=1}}A_{j}^{n-1}\phi_{j},$ $K_{i}^{n-1}=\lambda(f(U^{n-1})-f(u_{h})-f’(u_{h})\delta u_{h}^{n-1}, \phi_{i})$
. $A_{j}^{n-1},$ $K_{j}^{n-1}$ . , $K_{j}^{n-1}$
, $\Theta_{h}$ . $E$ , $G^{-1}$ $G$




, $\delta u_{h}^{n}$ $\Sigma_{j}^{M_{=1}}(a_{j}+B_{j}^{n})\phi_{j}$ .
4
$\Omega=(0,1)\cross(0,1)$ . $S_{h}$ . ,
$(0,1)$ $N$ , $x_{i}=i/N,$ $I_{i}=(x_{i-1}, x_{i})$ $(i=^{-}1,2, \ldots., N),$ $h=1/N$ .
$I_{i}$ $P_{1}(I_{i})$ , $\mathcal{M}_{0}^{1}(x)$ .
$\mathcal{M}_{0}^{1}(x)\equiv\{v\in C(0,1) ; v|_{I_{1}}\in P_{1}(I_{i}), 1\leq i\leq N, v(0)=v(1)=0\}$ .
$\mathcal{M}_{0}^{1}(x)$ hat function .
$\phi_{j}(x_{k})=\{\begin{array}{l}l(k=j)0(k\neq j)\end{array}$ for $1\leq j,$ $k\leq N-1$ .
$y$ , $\mathcal{M}_{0}^{1}(y)$ . $H_{0}^{1}(\Omega)$ $S_{h}\equiv$
$\mathcal{M}_{0}^{1}(x)\otimes \mathcal{M}_{0}^{1}(y)$ . , $C$ $1/\pi$ ([7]) .
, .
, $K_{i}^{n-1}$ ( $f(\delta u_{h}^{n-1}+u_{h})-f(u_{h})-f’(u_{h})\delta u_{h}^{n-1}$ , \phi $\Omega$
$L$ , $\Omega_{k}(k=1, \ldots, L)$
.
$K\equiv(f(\delta u_{h}^{n-1}+u_{h})-f(u_{h})-f’(u_{h})\delta u_{h}^{n-1}, \phi_{i})_{\Omega_{k}}$ . $d\equiv||\delta u_{h}^{n-1}||_{L^{\infty}(\Omega_{k})}$
, $f(t)=(t-1)^{+}$ $\Omega_{k}$ $u_{h}\geq d+1,$ $u_{h}\leq-d+1$
$K=0$ . $K$ $u_{h}=1$ $d$
$\{x\in\Omega_{k} ; -d\leq u_{h}-1\leq d\}$ ( 1 ).
, Frechet-like $(\nabla F‘(u_{h})\phi_{k}, \nabla\phi_{j})=(f’(u_{h})\phi_{k}, \phi_{i})$ , $u_{h}-1$
. , $S_{h}$ $\Omega_{k}$ ,
$u_{h}-1$ . , $u_{h}$
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1: $K$ ( $u_{h}=1$ $d$ )
, $\{x\in\Omega ; u_{h}(x)=1\}$ $0$ . , $(f’(u_{h})\phi_{k}, \phi_{i})$
$f’$ $\xi$ .
$\delta u_{h}^{0}=[0,0|,$ $\alpha_{0}=0$ , inflation $\delta$ $\delta=10^{-5}$
.
$\lambda=34.0898$ , $N=120,$ $S_{h}$ $M=14161$ , 10, $L^{2}$ $=0.00029197$ .
2, 3 $\Omega$ $y=05$ , $u=1$ .
2 $L^{2}$ .
2: $\lambda=34.0898$ ($y=0.5$ )
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3: $\lambda=34.0898$ ( $u=1$ )
4: $\lambda=34.0898$
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